INTRODUCTION
Because of a variety of factors, including their rapid development, differences in metabolic function, and behaviors, children have increased susceptibility to the harmful effects of environmental exposures compared with adults [1 && ]. Environmental health researchers now recognize that low-level exposures, especially during early developmental growth periods, such as in-utero or the neonatal period, can have long-lasting effects. These health effects can also vary dramatically throughout distinct developmental periods, which can also be influenced by their parent's environmental exposures; therefore, it is critical to examine the effects of exposure throughout early life from preconception through pregnancy to early development to puberty and adolescence. The concept of developmental origins of health and disease or DOHaD [2] is often represented as the trajectory from pregnancy to health effects later in life, but the reality is that differing exposures at specific developmental windows can have distinct biological consequences. In addition, environmental exposures occur in mixtures, and it is rare that an individual, regardless of age, is exposed to a single stressor at any point in time. The health effects of environmental exposures are complex -not a simple relationship between a particular type and level of exposure and disease. Thus, a more holistic approach to characterize exposures and their associated responses is needed.
The concept of the exposome, originally proposed by Wild [3] in a 2005 commentary, seeks to develop a framework to analyze the effects of multiple exposures throughout the life course. The last decade has seen an intense discussion of the importance of this concept in the environmental health sciences and the challenges of analyzing the exposome [4] . Many of the early efforts to implement the exposome concept in the environmental health sciences have revolved around the use of untargeted metabolomics to analyze biomarkers of exposure and biological response [5] [6] [7] . The essence, and unique power, of this untargeted approach is the ability to approach associations between multiple environmental exposures and biological response indicators. Progress to date, however, has been limited by a number of factors including the technical limitations of the untargeted analysis and the cross-validation of those discovery-driven approaches with traditional biomonitoring methods. In addition, adequate statistical power and the ability to assess associations across developmental life stages may be impractical to achieve within a single, focused, study. What is needed is a systematic evaluation of multiple environmental exposures and their associations with healthrelated endpoints across developmental windows. This is beyond the scope of any one potential study and will require integration and the validation of accumulated evidence from several independently conducted studies.
THE CHILDREN'S HEALTH EXPOSURE ANALYSIS RESOURCE
To address these issues, the National Institutes of Health and the National Institute for Environmental Health Sciences is supporting a consortium of grantees to provide the children's health research community access to an infrastructure for laboratory and data analyses that add or expand the inclusion of environmental exposures in children's health research. Children's Health Exposure Analysis Resource (CHEAR) will support exposure analysis through traditional targeted biomonitoring methods and will also support the untargeted analysis of the exposome on NIH-funded research studies. In the near term, CHEAR seeks to expand the number of studies that include environmental exposure analysis. As more of the research community takes advantage of the resource, CHEAR will support the analysis of the exposome through the harmonization of studies enabled by a CHEARdeveloped ontology for children's health, exposure and associated data, and metadata standards. These foundational efforts will culminate in the creation of a public database of children's exposures and their health consequences. The services provided by CHEAR are free of charge to the investigators; however, they require sharing of data through the repository of children's health and exposure data.
Access to CHEAR resources is through a web portal at https://chearprogram.org/. The CHEAR consortium has a straightforward list of eligibility criteria which include (1) Having an ongoing or completed epidemiological or clinical study of children's health that has been supported, at least in part, by a grant from the NIH. (2) Proposing to add environmental exposure data to your study that does not already address exposures or conduct more extensive analysis beyond those already included in the research. CHEAR has created an online, user-friendly application process that provides early, expert, consultative services, which may particularly benefit those who have not previously considered environmental exposures in their research. These consultations are also available to guide sample collection
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and selection of appropriate hypotheses and analyses for studies that are in the initial phases of their plans but are considering using CHEAR services at a later date.
The core of the services offered by CHEAR is traditional biomonitoring analysis. These analyses are directed by specific hypotheses about potential associations between exposures, such as pesticides, metals, or tobacco, with a health-related endpoint. Although CHEAR has extensive analytical capabilities, an exhaustive list of analyses available by CHEAR is impractical. However, the CHEAR web page has a list of common, core analytes that we expect will be frequently requested for which CHEAR has extensive analytical capacity across the six funded laboratories (https://chearprogram.org/access/lab-analysis-services/targeted).
One critical aspect of these analyses is the quality control and harmonization of the CHEAR services. CHEAR is implementing rigorous internal quality control procedures and is also participating in international proficiency testing efforts such as the New York State Department of Health Proficiency Testing scheme (http://www.wadsworth.org/programs/ehs/pt) and the German External Quality Assessment Scheme for analysis of biological materials (http://www.gequas.de/). These efforts provide assurances that any analyses offered adhere to strict performance metrics and are comparable not only within CHEAR but with services provided by other expert laboratories around the world. In addition, the resource includes a component to support the development of methods either to measure emerging environmental exposures or to utilize new biological matrices that do not currently have existing, well validated biomonitoring methods in place.
The targeted biomonitoring analyses provided by CHEAR are complemented by a parallel, hypothesis-free, untargeted assessment that builds on existing metabolomics methods [8 & ]. These approaches seek to provide a characterization of the exposome to generate hypotheses for future, hypothesisdriven analyses. One of the attractive features of untargeted exposure assessment by metabolomics is the direct linkage of indicators of environmental exposure with alterations in endogenous molecules, which can be mapped onto biological pathways to provide a simultaneous assessment of both exposure and response. Similar to the traditional targeted biomonitoring approaches offered by CHEAR, the untargeted approaches undergo rigorous quality control measures and take advantage of a common quality control material that will be analyzed across all CHEAR laboratories and for each study being analyzed to facilitate the harmonization of results from each study. The CHEAR untargeted analyses are also being benchmarked against other metabolomics programs, such as the NIH Common Fund metabolomics program, to ensure that the highest quality services are being provided.
The third set of laboratory analytical services offered by CHEAR are a suite of well validated measures of biological response [9 & ]. These assays represent a very broad range of methods from highthroughput genomic and epigenomic analyses to assays for molecular markers of common biological pathways such as DNA damage sensing and repair, inflammatory signaling, and oxidative stress markers. These analyses will serve as additional intermediate phenotypes to provide greater understanding of the molecular mechanisms underlying the linkages between exposures and health-related phenotypes provided by the parent epidemiological study. These should complement, not duplicate, existing response measures from the study.
In addition to the comprehensive laboratory analyses provided by CHEAR, the resource contains a full-service Data Center. The CHEAR Data Center provides a secure venue to access the data generated by the CHEAR laboratories, as well as linked data provided by the study investigators, which can include additional exposure data as well as data on health-related phenotypes. The CHEAR data sharing plan (https://chearprogram.org/content/data-sharing-plan-chear-data-repository-dsp) incorporates the same principles as the NIH Genomic Data Sharing Policy. The data contained within the repository are all being mapped to an overarching ontology developed by the CHEAR Data Center, which links several existing open source ontologies focused on environmental exposure and children's health and serves as an organizing framework to support metaanalyses and pooled analyses of the data across CHEAR-supported studies. The Data Center also includes a statistical services resource that provides access to statistical methods and informatics tools for the analysis both of individual CHEAR studies as well as for meta-analysis and pooled analysis across all studies supported by CHEAR or added by individual investigators. It is intended that these analyses will eventually include linkages across developmental windows and multiple environmental factors; it will also include the direct linkage and crossvalidation of targeted, untargeted, and biological response data.
INTERNATIONAL COORDINATION ON IMPLEMENTATION OF THE CHILD'S HEALTH EXPOSOME
given the disproportionate burden of exposure, the increased susceptibility to exposures during critical developmental windows, and the shorter latency of associations between chronic exposures and healthrelated outcomes. Consequently, many of the initial large, government-driven efforts to implement the exposome focused on children's health studies. The first major, governmentally driven study to explicitly link the exposome concept with children's health was the European Union's (EU) Framework 7 Programme (FP7). Through this effort, the EU funded three separate projects to implement the exposome, each of which included children's health as a focus [10, 11] and http://www.heals-eu.eu/. These three programs all seek to establish links between large numbers of existing cohorts across Europe and to harmonize information on exposure and outcome to generate sufficient power to support an exposome analysis. By contrast, the Japanese Environment and Children's Study, JECS (http:// www.env.go.jp/en/chemi/hs/jecs/), was launched in 2011 with a goal of prospectively recruiting 10 000 parent-child pairs to assess the impact of multiple environmental exposures with children's health and development [12] . Recruitment of these families was completed in 2014, and the children will be followed until they are aged 13 years. In the United States, several independent exposome efforts have been supported in addition to centralized infrastructure support such as the CHEAR program to enable the exposome. The largest, and newest, effort however is the recently funded Environmental influences on Children's Health Outcomes (https://www.nih.gov/echo) program that, similar to the EU FP7 program, seeks to form a synthetic cohort harmonizing several existing studies, linking broadly measured common environmental factors with children's health outcomes in five domains: neurodevelopment and behavior; upper and lower airway; obesity; prenatal, perinatal, and postnatal outcomes; and normal health and development.
CONCLUSION
Although each of these international programs, including CHEAR, is distinct and independent, they provide a major opportunity for international coordination, cross-study harmonization, data integration, and the demonstration of the power of the exposome. This international coordination may, in turn, enable a greater understanding of the emerging concept of biological resilience and the idea that the critical aspect of environmental exposures is the accumulated burden of damage resulting from multiple environmental exposures that decreases the ability of the individual to appropriately compensate for the next exposure, almost regardless of the nature of that exposure [9 & ,13]. With their success and a concerted effort for international cooperation and coordination, the next decade promises to yield a significant advancement in our understanding of normal children's development and the interaction between environmental exposures in altering the normal trajectory.
